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SUMMARY
The purpose of this paper is to present a methodology to calculate the rate of return when evaluating
projects, which will be generally accepted by the financial market, companies and academics. This
methodology must also be clear and transparent so that the calculated amounts can be comprehended easily
and, more importantly, to simplify auditing.
Keeping these features in mind, our proposal is to use the Weighted Average Cost of Capital, in conjunction
with the Capital Assets Pricing Model (CAPM) to calculate the cost of equity. When using these tools,
particularly CAPM, some precautions must be taken which will be discussed throughout this paper.
The paper will also present a practical application of the methodology to evaluate the cost of capital for
hydroelectric power generation projects in Brazil, using Small Hydroelectric Power Plants (SHPPs) and
Hydroelectric Power Plants (HPPs) up to 50 MW. This application will require an evaluation of the role of the
National Bank of Economic and Social Development (BNDES) in the financing of these projects and
consequently, its impact on the cost of capital for these projects.
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01. INTRODUCTION
Economic and financial analysis of investment projects is a very important activity for decision making
in companies. Nevertheless, defining the rate of return to be used to evaluate projects is an issue that
still sparks discussions and controversies in the universe of corporate finances.
In many cases, the lack of consensus over the best methodology to use for the rate of return, results
in discussions which overshadow discussions on project features and future projections of expected
cash flows. The benefit of having a predetermined definition of a clear methodology to define the rate
of return is that it eliminates this discussion and allows the primary attention to be focused on
evaluating the expected project returns.
In this study, the distinct traits of the company business and the markets where the investments will
be made were taken into consideration to define the best way to calculate the rate of return.
Therefore, it is important to establish, from the beginning, that the objective of this proposal is to
develop an appropriate methodology to evaluate hydroelectric generation projects in the Brazilian
market, particularly Small Hydroelectric Power Plants1 (SHPPs), and HPPs with an installed capacity of
up to 50 MW that will meet the standards of the Clean Development Mechanism (CDM) established by
the Kyoto Protocol.
In accordance with the United Nations Framework Convention on Climate Change, the Clean
Development Mechanism (CDM) allows developing countries to implement projects to reduce the
emission of or capture greenhouse gases and receive certificates from these projects which may be
sold to industrialized countries with greenhouse gas reduction commitments. Therefore, industrialized
countries can meet their commitments by acquiring certificates from developing countries.
1

The National Agency of Electrical Energy (ANEEL) in Resolution 394/98, defines a Small
Hydroelectric Power Plant (SHPP) as any hydroelectric power plant with a power rating greater
than 1,000kW and less than or equal to 30,000kW, with a total reservoir area less than or equal
to 3.0 Km2.
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The prerequisites used to define this methodology, considered two basic requirements. The first is the
use of financial concepts which have technical support and are readily accepted by academics,
companies and the financial market. We also looked for a method that respects best practices, in
order to ensure that the calculations and evaluations are transparent.
The best methodology to meet the abovementioned requirements is to use WACC (Weighted Average
Cost of Capital) to define the minimum rate of return, in conjunction with the CAPM model (Capital
Assets Pricing Model) to define the cost of equity (CAMACHO, 2004), provided that the prerequisites
are respected and the required technical details are applied properly to these tools.
In the following sections, a preliminary proposal is presented to calculate WACC for power generation
companies in Brazil. After the theoretical discussion, a numerical calculation of the Cost of Capital for
SHPPs and HPPs with an installed capacity of up to 50 MW in Brazil is shown for the year of 2005.

02. DEFINITION OF THE RATE OF RETURN
The minimum rate of return can be understood as the lowest acceptable rate of return for the
potential investors who are willing to assume the risk associated to an asset or project. The theory of
finance assumes that investors have risk aversion and, therefore, require higher rates of return for
investment options with higher risks (ROSS et al, 1995).
The definition of the rate of return for a project should consider the different financing sources, the
expected returns for each source (based on the risk incurred by the different stakeholders, whether
they are creditors or shareholders), the relative proportion of each source of funds and their
respective fiscal and tax impacts. The WACC method is the classic and consolidated form to calculate
these considerations. (DAMODARAN, 2002; BREALEY and MYERS, 2003)
Calculating WACC is very simple using the following formula:
   ∗    ∗  ∗



Where:
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We = Percentage of Equity;
Wd = Percentage of Debt;
Ke = Cost of Equity
Kd = Cost of Debt
t = Tax rate on profit

Regardless of how simple it is to calculate WACC, there are precautions to be considered and decisions
to be made in order to define each of the variables above. For the purposes of this study, these
definitions should reflect the reality of hydroelectric power generation projects in SHPPs and HPPs
with an installed capacity of up to 50 MW for the Brazilian market, and each variable should be
validated before it is used in the equation above in order to calculate an appropriate rate of return.

03. PERCENTAGE OF EQUITY (We) AND DEBT (Wd)
One of the important decisions to be made when evaluating projects is the definition of the
percentages of third party resources (debt) and equity (investor/shareholder money) to be used. In
the Brazilian market, especially in the case of power generation projects, these percentages, for the
most part, is controlled by the parameters defined by the National Bank of Economic and Social
Development (BNDES), the primary source of funds for investment projects in the country.
It is important to note that the power generation sector is capital intensive and due to the nature of
the business requires long term financing, and without this financing it would be impossible to
construct the projects.
Most Brazilian companies who construct infrastructure and/or power projects use the highest leverage
(debt/equity ratio) allowed by BNDES to finance these projects, since the financing obtained from this
source costs less than acquiring equity from the shareholders. For this sector, BNDES may lend as
much as 70%2 of the financing required to build the projects using the Project Finance model.
2

According to the rules established by BNDES, not all items required to complete a project are
eligible for financing. Within the applicable items, up to 70% of the funding required for power
generation plants (except thermal, coal or oil) can be financed by the institution. It is important
to emphasize that these percentages are from the year 2005 and can only be used for reference
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However, BNDES also looks at other parameters to define the maximum leverage given to the
projects, further restricting the release of resources in most cases, which results in average leverages
lower than the maximum limits defined3.
Therefore, for these parameters one should use the financing averages of BNDES for the generation
sector of SHPPs and HPPs with an installed capacity of up to 50MW. The average leverage information,
Wd and We, are obtained from reports or other BNDES publications.

04. COST OF EQUITY (Ke)
Determining the cost of Equity depends on correctly assessing the risk associated with generation
projects for SHPPs and HPPs with an installed capacity of up to 50 MW in Brazil. The tool that is
generally accepted by academics and companies to define the risk associated with an investment, and
consequently to define the appropriate equity earnings, is the Capital Assets Pricing Model or CAPM.
Regardless the existence of some limitations, CAPM is the model which presents the best relation
between correction of the results obtained and easy application, in addition to be generally accepted
by the financial market and academics, which makes it the first option to evaluate investment projects
(DAMODARAN, 2002; BREALEY and MYERS, 2003).
CAPM assesses the minimum return that an asset should offer the investor, based on the nondiversified (or systematic) risk associated with it. Using the assumption of risk aversion, the model
assumes that assets with higher level of risk must offer higher return rate in order to be attractive to
investors (ROSS et al, 1995).
The cost of Equity (Ke) is calculated using CAPM as follows:

Where:
as the amounts for every new period must be validated in order to reflect the actual percentage
of financing supplied by BNDES.
3
BNDES policies for their Project Finance line are available on the institution’s web site at:
http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Institucional/Apoio_Financeiro/Produtos/
th
Project_Finance/ (accessed on Oct 18 , 2010).
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Ke = Return / Cost of Equity
Rf = Risk Free Rate
β = Investment risk compared to the market
(Rm - Rf ) = Market Risk Premium

According to CAPM, the required return on Equity (Ke) equals the rate on a risk-free asset (Rf) plus a
premium based on the risk associated with the asset [β *(Rm-Rf)].
The risk of an asset, identified as Beta (β ) is calculated using covariance between the returns of the
asset in relation to the historical returns of a market portfolio. Therefore, to obtain Beta, historical
data regarding market portfolio and industry returns are required in order to calculate the covariance
between them.
This is the first difficulty in using CAPM to evaluate power generation projects in Brazil. The lack of
public data regarding the returns of projects/companies, hinders a direct application of this model on
the Brazilian market.
In situations like that, financial technique to be employed is to use the model parameters from other
markets, where the required historical data is available, and later transpose this information to the
market where the project will be built (PEREIRO, 2001).
For the CAPM model, the best power market alternative to be used is the United States of America
(USA). The results can be transposed to the Brazilian market taking into consideration the different
risks level of the two countries.

4.1 RISK FREE RATE (Rf)
The Risk Free Rate (Rf) in CAPM represents the standard investment rate available for all
investors. This Risk Free Rate is a benchmark for the opportunity cost, allowing the investors
to compare and measure the risk and the additional return offered by alternative investments,
versus simply buying and holding on the risk free instrument which is available to purchase on
the market.
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The internationally accepted standard for the Risk Free Rate are US Treasury Bonds, securities
with minimal risk of default which can be adopted as a benchmark to assess projects in Brazil,
provided the differences in risk for the two economies are accounted for.
To determine the appropriate Risk Free Rate for a project, the investors should compare bonds
and projects that present the same estimated time frames. This comparison implicitly
considers that at the beginning of the project the investors have the option to allocate their
funds in bonds with equivalent time frames rather than invest in the project. Therefore, these
bonds represent a safe alternative and, in order to accept higher levels of risk investors will
require increased earnings on their capital, equivalent to the risks level of the investment.
The typical time frame for hydroelectric power generation projects is thirty (30) years4 and
therefore the Risk Free Rate to be used should reflect this time frame. On the US Treasury
bond market, bonds with 30 year terms are available.
To correctly evaluate the Risk Free Rate, the risk level offered by the Brazilian economy in
comparison to the USA must be considered. The Emerging Markets Bond Index Plus, or EMBI+,
is used to evaluate the sovereign risk included in the bonds of a country and can be used to
make the risk level comparison. Considering that the EMBI+ for the USA risk-free bond market
is zero, the EMBI+ for Brazil will represent the risk to be added to or subtracted from US
bonds to take into consideration the risk differences between Brazil and USA.

4.2 Market Premium (Rm – Rf)
Market expectations for equity earnings are usually based on the historical earnings paid to
the investors over the risk free rate. This Premium is calculated based on the average returns
of the stock market for a specific period of time, minus the performance/returns of risk free
bonds in the corresponding period.

4

The purchase contracts for energy generated by SHPPs at the New Energy auctions, conducted
since 2005, have 30 year terms.
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Therefore, the historical premium becomes the benchmark, for the stock holders, of acceptable
returns for the greater risk included in these investments, when compared to government
bonds. This Premium should be added to the Risk Free Rate to calculate the acceptable returns
for an investment that offers a risk level equal to the market average.
Therefore, for this to be possible the Market Risk Premium must be evaluated. One way to
determine this Premium is to obtain the past quotation of the stocks traded on the USA Capital
market and then, based on these data, make the calculation of the average market return and
premium offered by the representative market portfolio. However, this approach is subject to
inaccuracies and evaluation errors throughout the process.
An alternative which produces the same practical effect, with the advantage of eliminating the
possibility of error, is to use data previously compiled, validated and published. Using data
published

by

Professor

Damodaran,

on

his

internet

site

(http://pages.stern.nyu.edu/~adamodar/) meets these specifications.
Damodaran is Professor of Finance at the University of New York and specializes in studying,
writing, teaching and giving lectures on the assessment and valuation of projects and
companies. The internet site maintained by Damodaran includes studies and discussions
regarding the valuation techniques, as well as the historical data required to evaluate projects
and companies.
Damodaran recognizes the importance of indexing historical data to use in CAPM and to obtain
reliable results. Therefore, the professor supplies validated data which can be used by
professionals and academics. The availability of this previously validated data meets the
requirements of the methodology: using data that are transparent, auditable and technically
correct to obtain the cost of capital.
It is known and accepted that the developed capital markets are fairly stable which, in
general, guarantees that the CAPM approach is correct. However, there are transitory market
fluctuations which, if not handled properly, could lead to incorrect conclusions or biases. One
way to eliminate possible biases is to use long term historical series in which the temporary
9

fluctuations will have little or no effect (DAMODARAN, 2008). The data made available by
Damodaran includes average returns observed since the beginning of the series in 1928 and,
therefore, they are acceptable.

4.3 Beta Definition (β)
Once the market premium has been defined, the specific risk of the project in question must be
evaluated, in comparison with the market portfolio. To evaluate the risk of an asset (or
project) in comparison with the market, the covariance of the asset returns in relation to the
market returns is used. This measurement is called Beta. In this case the project will be a
representative project for the power generation sector and the Beta can be determined from
the average Beta of the companies in the industry.
Since Beta is a risk related measurement that compares the volatility of specific assets with
the Market portfolio, it is assumed that a representative market portfolio has Beta = 15 .
Assets with greater volatility, or in other words with higher level of risk in comparison to the
market, will present Betas greater than 1. Investment alternatives that present volatility
lower than that presented by the market portfolio will have Betas less than 1. Multiplying the
beta by the market premium increases or discounts the equity premium that the investors can
expect, indicating an acceptable return for the level of risk offered by the asset.
It is important to keep in mind that the Beta calculation depends on the availability of
historical data series, so that the covariance of the asset can be evaluated in relation to the
market. Obviously, for new investment projects no historical series are available, which
means that evaluations must be made using assets or projects with similar profiles. To make
these evaluations possible, it is important to be aware of the risk composition represented by
Beta.

5

Mathematically Beta is calculated based on the ratio between the covariance of the asset
analyzed with the market, and the market variance. If the asset analyzed is the market portfolio,
the numerator of the Beta calculation would be the covariance of the market with the market
which is equal to the market variance. Therefore the market variance would be in the numerator
and the denominator, or in other words, the market Beta is equal to 1.
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The Beta of an asset represents the sum of the risk associated with the activity performed by
the company (business or operational risk) and the risk associated with its capital structure
(BREALEY and MYERS, 2003). Companies in a specific line of business will have similar risk level
related to the activity performed, but can present different risk levels in relation to their
respective leverage. Organizations that have higher percentages of debt have a greater risk
of default and, therefore, their Beta value are higher. The inverse is also true.
To evaluate the Beta of new projects / new companies, one must take the Beta that represents
the risk of the activity related to the project in question and then adjust it to reflect the
leverage proposed for that specific case. This technique includes: (1) obtain the Beta of the
companies that perform the same activity as the Project to be built; (2) subtract the percentage
of risk related to the capital structure of companies in the sector from the Beta (unleveraging)
in order to obtain a rate which reflects just the risk of the activity performed by the company6
and; (3) take the Unlevered Beta and incorporate the risk related to the capital structure that
will actually be used in the evaluated case (releveraging).
Once again historical series from the American market are used, this time to obtain the Beta.
This approach allows the calculation of the inherent risk of the sector, after deducting the
financial risks included in the Betas, to obtain the unlevered Beta.

Where:
βu = Unlevered Beta;
β ’ = Value Line Beta7;
t’ = Marginal tax rate of the reference market8;
D = Market value of the company’s debt9;
6

Another way to understand the Unlevered Beta is to consider it as the Beta that the company or
project would present if only equity was used to finance it.
7
Value obtained from the site of economist Damodaran http://pages.stern.nyu.edu/~adamodar/
and estimated using regression of the weekly returns of the stocks in relation with the NYSE using
data from 5 years or less, if less than 5 years, the period cannot be less than 2 years.
8
On the American market the tax rate is assumed to be 40%.
9
Value obtained from: http://pages.stern.nyu.edu/~adamodar/
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E = Market value of the company’s equity

In relevering, the financial risks observed in the study sector are included in the unlevered
beta, arriving at a releveraged beta that reflects all the risks of investing in the sector in
relation to the market average.

Where:
β = Relevered Beta (Beta of the sector being studied);
βu = Unlevered Beta
t = Marginal taxes of the study market;
We = Percentage of Equity;
Wd = Percentage of debt.

Similar to the process used to obtain the risk premium, the data made available by professor
Damodaran on his internet site provide the information required to evaluate the Beta of power
generation companies. In Damodaran’s Beta data bases there are over 7 thousand companies,
classified by their industries.
Aware of transitory market fluctuations, Damodaran calculated the betas using a baseline
period of 5 years. When new companies are listed on the New York Stock Exchange (NYSE),
their Betas are included in the data base after attaining a minimum of 2 years of available
data10.
In the data bank supplied by Professor Damodaran both the total (or observed) betas and the
unlevered betas are available.
At this point, it is important to return to the prior considerations regarding the use of financing
for Power generation projects in Brazil and the participation of BNDES in financing these
10

Beta is calculated based on historical data and therefore a long series is required to correctly
capture the risk of a company in relation to the market average, thereby eliminating distortions
related to variations or transitory fluctuations in the market.

12

projects. As mentioned above, BNDES offers up to 70% of the financing, which results in highly
leveraged projects with high Betas.
In addition to the debt and equity ratio, the marginal tax rate on profits is also considered
when unlevering and relevering the Betas. This point also deserves attention.
In Brazil, the marginal tax rate varies according to the tax regime that the company is
registered under11. Companies registered under the Assumed Profit regime have their tax
amount estimated based on their revenue and, therefore, have marginal tax rate of zero12. On
the other hand, companies who operate under the Real Profit regime, pay taxes based on
actual profits earned, or in other words, in these cases financial expenses are tax deductible
and the marginal rate of 34%13 should be included when relevering the Beta. The rates used
should correctly reflect the tax regime that the project will fall under after it is built.
To determine the Beta to be used to calculate the Cost of Equity (Ke), the average unlevered
Beta for the USA electrical energy sector is indicated to measure the risk associated with the
activity (business risk). To relever the Beta, the capital structure that will actually be used for
the project, in conjunction with the effects of the tax regime actually applicable to the sector in
Brazil are used.

5.

COST OF DEBT (Kd )
Unlike other markets where most companies obtain financing from private lenders, the main sources
of financing for Brazilian companies who invest in the infrastructure sector are lines of credit from the
National Bank of Economic and Social Development (BNDES) which gives the Cost of Debt in Brazil some
specific characteristics.

11

Decree Law 1.598/77, Law 9.249/95, Law 9.430/96 and Statute RFB 93/97.
For companies registered under Assumed Profit, the taxes to be paid are calculated based on
the earnings made. In these cases, interest and amortization on the principle arising out of the
use of financing are not considered in the base tax calculation, therefore the tax rate should not
be considered when relevering the Beta.
13
The 34% is comprised of the basic Income Tax rate of 15%, an additional Income Tax rate of
10% and Social Contributions Net Income of 9%.
12
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BNDES is a federal government company and the main supplier of long term financing in Brazil. The
Brazilian market offers very few alternate sources of long term financing which are not branches of
government entities, since long term financing is rarely offered by commercial banks and, when it is,
the rates are not competitive in comparison to those offered by BNDES. The financing for projects by
BNDES is supplied through lines of credit called FINEM14 (Financing for Business Ventures) in a Project
Finance model. This type of operation can be conducted directly with BNDES (direct operations) or
through accredited financial institutions (indirect operations.)
For direct operations the transaction cost is comprised of the Financial Cost, BNDES Fee and the Credit
Risk Rate. In the cases of indirect transactions, the total cost is comprised of the Financial Cost, BNDES
Fee, Financial Negotiation Fee and the Accredited Financial Institution Fee. In this methodology is
considered that all operations are direct, which implies that the project will receive financing from
BNDES at the lowest cost possible. In reality many entrepreneurs receive loans through intermediary
banks, however, for greater CDM conservatism, we used direct operations as the standard.
The conditions offered by BNDES for financing this type of project enables the companies to use the
FINEM/Project Finance resources up to the maximum limit allowed by the Bank. This situation, as
mentioned earlier, has resulted in highly levered capital structures, with a major share of financing.
Generally speaking, power generation projects rely on 60% to 70% of debt and, as consequence,
40% to 30% of funding from the investors.
It is important to emphasize that these percentages are only references and must be validated for
every new period in order to reflect the current percentage of financing supplied by BNDES.

14

Details
about
FINEM
are
available
in
BNDES
web
site:
http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Institucional/Apoio_Financeiro/Produtos/
FINEM/energia_eletrica_geracao.html
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5.1 Financing Cost (LTIR15)
The Long Term Interest Rate – LTIR was established by Provisional Measure no. 684, dated Oct
31th, 1994, published in the Official Gazette on Nov 3rd, 1994, and defined the basic cost of
financing from BNDES.
The Long Term Interest Rate – LTIR is valid for a period of 3 months and is set by the National
Monetary Board. It is announced on the last business day of the quarter immediately before it
takes effect.
Considering the fluctuations in the LTIR, it is advisable to estimate the rate based on an
extensive historical period of quotes in order to eliminate the effects of possible highs and
lows that could distort analyses over short timeframes. For this reason, an average LTIR
period for the previous 5 years is considered appropriate.

5.2 BNDES Spread
Another factor included in the FINEM/BNDES financing rate that Brazilian companies must
account for is the spread charged by the Bank. This rate is set by BNDES to pay their
administrative and operational costs and their fee.
The BNDES spread is defined by Bank policies and varies in accordance with the type of project
financed.
Therefore, as in all other cases, the spreads to be used for project evaluation should reflect
the rates charged by BNDES when the financing was requested from the Bank.

5.3 Credit Risk Rate
When granting financing for infrastructure projects, BNDES adds a Credit Risk Rate to the LTIR
and the spread that varies in accordance with the individual evaluation of the company

15

LTIR is a translation of TJLP – Taxa de Juros de Longo Prazo.
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applying for the loan. The upper and lower limits of this rate are defined on a yearly basis by
BNDES in accordance with the policies established by the Bank.
Since it is a definition that varies from case to case, the Credit Risk Rate is not available for
preliminary project evaluations. Therefore, a parameter must be established to estimate this
component in the Cost of Debt. Considering historical data for power generation projects, and
to be conservative, it is considered appropriate to use the lowest rate that could be granted to
private investors for direct operations in accordance with Bank policies.

6.

APLICATION OF THE METHODOLOGY
The application of the proposed methodology makes it possible to calculate a benchmark rate to
evaluate investments in hydroelectric power generation and specifically for those involving SHPPs.
The application of the methodology for July, 2005 is presented below, emphasizing that the procedure
can be applied to any period provided that the data used is for the period analyzed.
In accordance with the established methodology, the project rate of return shall be calculated using
the Weighted Average Cost of Capital (WACC), which requires the costs of debt and equity as well as
the proportion of each one in the total capital used by the company.
The cost of equity is defined using the WACC model, as per the following mathematical expression:
     ∗ 



Where:
Ke = Return / Cost of Equity
Rf = Risk Free Rate

β = Investment risk compared to the market
(Rm - Rf ) = Market Risk Premium
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The first variable to be defined is the Risk Free Rate which will be obtained from the quotes for United
States Treasury bonds with a 30 year term. Quotes for these bonds can be accessed through Yahoo
Finance ("http://finance.yahoo.com/q/hp?s=%5ETYX").
The average of one year of quotes for the 30 year bonds (4.77% per year) gives us the nominal Risk
Free Rate.
To obtain the Risk Free Rate in real terms, discount the inflation expected for the United States,
calculated by the difference in returns between the TReasury Bonds and the Treasury Inflation
Protected Securities (TIPS)16 . Evaluation of this difference gives an inflation rate of 2.45% and
consequently, we arrive at a real Risk Free Rate of 2.27% per year as follows:
Rf = (1+0,0477)/(1+0,0245) – 1
Rf = 2,27% (real)

However, this risk free rate does not include the Brazil Risk which must be added to reflect the
difference of risk that exists between the economies of the United States and Brazil. For this the
EMBI+Brazil17, five year average will be used which is 8.44% per year.
Therefore with the addition of the Brazil Risk, the risk free rate (Rf) for 2005 is 10.71% per year
(2.27% + 8.44%).
The definition of market return over the risk free rate (Rm - Rf) is the difference between the average
stock market return and the average return of the government securities in the long term (from 1998
to 2004.)
The average annual return of the shares minus the average annual return of the American T Bonds
from 1928 to 2004 is arrived at by (Rm - Rf) = 11.81% - 5.27% = 6.53%.

16

TIPS quotes available at: http://www.federalreserve.gov/econresdata/researchdata.htm. Accessed
on Sep 20th, 2010
17
EMBI+Brazil obtained from: http://www.cbonds.info/all/eng/index/index_detail/group_id/1/.
Accessed on Sep 20th, 2010
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To determine the Cost of Equity using the CAPM model, the Beta value must also be determined. To
obtain this, the Unlevered Beta for the power generation sector in the United States must be
determined. This Beta is found on the internet site of Professor Aswath Damodaran18.

To find the Brazilian Beta, one must start with the Unlevered Beta (

’) of the companies in the

United States and relever it using the Brazilian tax data and capital structure.
To relever the Beta you two data are needed: (1) the tax rate to be used and; (2) the typical capital
structure of power generation companies.
As explained previously, Brazilian companies that fall under the Assumed Profit regime have a
marginal tax rate of zero, that is, for these companies there are no tax benefits for interest charges
or principal amortization. This is the case of the SHPPs since most of these projects are financed by
BNDES which requires that a Special Purpose Company (SPC) be established. Due to the size of the
project, SPCs that develop power generation projects of up to 20MW are able to register under the
Assumed Profit regime. Therefore, the tax rate used to relever the Beta is zero.

18

http://pages.stern.nyu.edu/~adamodar/. Accessed on Sep 20th, 2010.
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In relation to the capital structure, as mentioned before, the companies apply for the highest
proportion of financing offered by BNDES to finance the power generation projects. In 2005, this
percentage was 70%19, which is why 0.7 will be used for the Debt (Wd) and 0.3 for Equity (We) when
the Beta is relevered.
Using the aforementioned Beta releveraging formula, we have the following equation:
∗

   ∗  
  ,  ∗  
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As shown above, for the typical capital structure of SHPPs and HPPs with up to 50MW of installed
capacity in Brazil, the Relevered Beta for this activity in 2005 was 2.45.
This elevated Beta was expected, since the SHPPs use a large proportion of debt which raises the risk
measured by the Beta.
With these data it is possible to calculate the actual cost of equity using the CAPM model as follows:
     ∗ 
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  ,   ,  % ". $.

Once the cost of Equity is determined, the cost of Debt should be attained. To do this, one must
calculate the cost of the financing obtained from BNDES.
The components of the cost of financing given by BNDES are:
a) Financial cost – Long-Term Interest Rate (LTIR)
19

According to the BNDES annual report for 2005, the Bank financed R$ 2.1 billion of the total
investment of R$ 3.0 billion in SHPPs.
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b) BNDES Spread;
c) Credit Risk Rate
The average five year LTIR is 10.48% per annum20. The BNDES spread, as per the credit policy for
power generation activities is 2.5% per year. The credit risk rate is 1.5% per year as defined by the
BNDES policies at the time.
Therefore, the nominal Cost of Debt is the sum of the three components of the BNDES financing rate,
that is, 10.48% + 2.50% + 1.50% = 14.48% per annum.
To transform this calculation, using nominal terms, into a real cost, the inflation for the period must
be indexed. Since the inflation target in 2005 was 4.5% per year, this is the parameter to be used to
adjust the rate, or in other words, the real Cost of Debt is 9.55% per year.
Once all the required variables are obtained for the WACC calculation, it is possible to obtain the cost
of capital. The actual WACC is calculated by:
   ∗    ∗  ∗

  ,  ∗ ,   ,  ∗ , % ∗
  ,   , %

7.





CONCLUSION
The correct definition of the cost of capital rate is essential to make correct decisions based on
whether or not investment projects are feasible.
For power generation projects in Brazil, the lack of public data in relation to companies in this field,
make it impossible to directly apply the methodology which combines CAPM and WACC. Nevertheless,
financial theory offers tools that allow the evaluation of the required variables to calculate the cost of
20

The Long Term Interest Rate (LTIR) is available on the BNDES internet site at:
http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Institucional/Apoio_Financeiro/Custos_Financeiros/
Taxa_de_Juros_de_Longo_Prazo_TJLP/index.html. Accessed on Sep 15th,2010
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equity in other economies, where it is possible to obtain data to use CAPM and transpose the data to
other situations, making adjustments for differences arising out of inflation rates and risk between
the economies.
Another necessary precaution when transposing the results obtained through CAPM to other
situations is to note that the project risk, measured by Beta, depends on the activity and the company
leverage. In this case it is important to subtract the effect of the risk associated with the leverage of
the companies in the country of the originating data from Beta and add the effect of the capital
structure used in the destination country. In the case of power generation projects in Brazil, this
adjustment is essential because BNDES holds a large percentage of the funds to build the projects and
therefore the power generation companies present high debt rates and subsequently high Betas.
The results obtained using the methodology do not present any breakthroughs in relation to the
generally accepted financial techniques for companies. However, the objective of defining this
methodology, is to standardize the information sources used, increase transparency and simplify
auditing procedures for power generation project evaluations and investments.
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APPENDIX I
BASED SPREADSHEETS21

21

Additional spreadsheets are available in digital format
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